Control and Prevention (CDC) and the US National Health Institute (NIH), documented that biofilms are 75 involved in over 65% of all microbial diseases. In addition, foodborne pathogens can form biofilms, 76 increasing their resistance to commonly used disinfectants (Jahid and Ha, 2012; Potera, 1999) . 77 Consequently, the formation of biofilms has severe implications in diverse areas, from industrial 78 processes to health-related fields, with huge economic impacts (Kuehn et al., 2010; Van Houdt and 79 Michiels, 2010). 80
The sanitizers and biocides used in industry occasionally fail to control microorganisms in biofilms as 81 they are typically 10 -1000 times more resistant than their planktonic counterparts (Davies, 2003; Simões 82 et al., 2010a) . In addition to the resistance mechanisms that exist in planktonic cells (gene transfer from 83 resistant counterparts, efflux pumps, cellular impermeability, enzymes that confer resistance and natural 84 evolutionary mutations) there are six hypothesized mechanisms that help to explain the increased 85 resistance of biofilms to antimicrobial treatments (Simões, 2011 
Materials and Methods

142
Antimicrobial agents 143
Sodium hypochlorite solution (SH) and cetyltrimethylammonium bromide (CTAB) were purchased from 144 Sigma (Portugal); 3-bromopropionic acid (BPA) was purchased from Merck (VWR, Portugal); 3-145 bromopropionyl chloride (BPC) was purchased from Alfa Aesar (VWR, Portugal Biofilm analysis 237 P. fluorescens biofilms grown on stainless steel were characterized in terms of mass and colony forming 238 units (CFU). The stainless steel coupons were removed from the flow cell and the biofilms that covered 239 the coupons surface were completely scraped using a sterile scalpel and resuspended in 10 ml of 240 phosphate buffer. The biofilm suspensions were vortexed (IKA TTS2) for 30 s with maximum power to 241 disrupt cell aggregates. 
Results
254
The MIC and MBC values obtained for the tested chemicals (Fig. 1) against P. fluorescens are presented 255 in Table 1 . In general, the MBC was always slightly higher than the MIC, with the exception of SH (MIC 256 = MBC). The results showed that CTAB was the most efficient biocide with MBC values 10 to 20 times 257 lower compared to the other chemicals. 258
The parameters of the surface tension for P. fluorescens before and after the treatment with each chemical 259 were determined to ascertain their effects on the bacterial surface properties ( ). However, this property was less pronounced (P < 0.05) when 261 the cells were in contact with BPA and CTAB ( Table 3 ). The exposure to CTAB, BPC or BPA made P. fluorescens surface charge less negative and 269 increased its conductivity (P < 0.05), with the exception of CTAB that had no effects on the cell surface 270 conductivity (P > 0.05). Conversely, SH enhanced cell surface conductivity (P < 0.05), without 271 interfering with the charge (P > 0.05). 272
The intracellular K + leakage was assessed in order to ascertain the effects of the chemicals in the cell 273 integrity. The K + concentration in solution before and after exposure to several chemicals is presented in 274 Table 4 . All tested chemicals promoted an alteration in the cytoplasmic membrane permeability, causing 275 K + leakage (P < 0.05). Additionally, the expression of outer membrane proteins (OMPs) was assessed by 276 SDS-PAGE, before and after biocide exposure for one hour. No relevant differences in the expression of 277 major OMPs were found after exposure to the selected biocides (online resource 1). 278
The percentage of retardation gives an estimation of the efficacy of chemical products to penetrate the 279 biofilm (Table 5) . In this case, BPC and SH were the most efficient since no retardation was observed. 280
Contrarily, CTAB was completely (P < 0.05) and BPA partially (15%) retarded by the biofilm. 281 BPC was selected over BPA for biofilm assays (Figure 2 ) due to its higher antimicrobial activity (lower 282 MIC and MBC), significant effects on the surface properties of P. fluorescens and the ability to penetrate 283 the biofilm without retardation. Therefore, BPC, CTAB and SH were tested against 7-days old flow-284 generated biofilms formed under a flow rate of 3.4 l h -1 . The effectiveness of the chemicals was assessed 285 in terms of CFU (Fig. 2a) and biomass (Fig. 2b ).
286
The results obtained for the number of biofilm CFU revealed a reduction after one hour exposure to the 287 MBC of CTAB and SH (Fig. 2) . This effect was more pronounced for SH with 1 log reduction (P > 0.05). 288
For CTAB 0.4 CFU log reduction was achieved and for BPC CFU log reduction was almost negligible. In 289 order to ascertain the role of the biocides tested on biofilm regrowth, CFU were determined 2, 12 and 290 24 h after chemical exposure. Two hours after this treatment the number of CFU increased for the three 291 chemicals tested, reaching values similar to those before the treatment (P > 0.05, Fig. 2a ). The number of 292 biofilm CFU, remained constant overtime for all the conditions tested, except for the 24 h BPC-treated 293 biofilms. For this case the number of biofilm cells increased significantly (P < 0.05, Fig. 2a ) when 294 compared to the control values (untreated biofilms). 295
In terms of biofilm mass, the three chemicals promoted similar biofilm biomass removal (average of 16%, 296 Fig. 2b ) immediately after treatment. These values remained unchanged 2 h after the treatment for all the 297 conditions tested. When analyzing the period of 12 h after the treatment, no significant biomass changes 298 were found for the biofilms treated with CTAB and BPC, compared to the biofilms immediately after 299 exposure. The SH treated biofilms recovered significantly (P < 0.05). However, 24 h after treatment the 300 biomass values obtained for these biofilms were as low as those found immediately after the treatment 301 (P > 0.05). After this regrowth period the biomass of CTAB treated biofilms was also similar to the 302 values immediately after treatment, while significant regrowth was found for the BPC treated biofilms 303 (P < 0.05 showed by the post-antimicrobial effect evaluation could lead to populations of resistant bacteria, which 416 may be recalcitrant to disinfection (Stewart, 2003) . 417
It is apparently clear that the promising results obtained with the tests on planktonic cells did not provide 418 relevant insights on their application in biofilm control, even if the same strain and antimicrobial 419 concentrations were used in both tests. Moreover, in this study, it seems that the chemical nature of the 420 biocide was not relevant on biofilm control and the brominated and chlorinated products had no clear 421 advantage on biofilm control over SH. In fact, the results obtained with SH and the brominated-products 422 are comparable. At their MBC, the selected chemicals promoted similar effects on the biofilms. This 423
proposes that the CTAB and BPC can be alternatives to SH for biofilm control. Further studies will be 424 performed on the effects of the combination between CTAB and BPC with SH. In fact, the combination 425 of SH with biocides already proved to potentiate their effects as antimicrobials and biofilm control agents 
